Chest CT frequently reveals small pulmonary lesions. If there is no associated hilar or mediastinal lymphadenopathy, small-cell lung cancer (SCLC) is considered to be very early-stage. Few studies, however, have described the characteristic CT findings of very early-stage SCLC. Clarifying these findings would reduce diagnostic delay. The purpose of this study was to determine the characteristic CT findings of very earlystage SCLC. Computed tomography images obtained from 547 consecutive patients with lung cancer between 2003 and 2012 at Tokyo Dental College Ichikawa General Hospital were reviewed retrospectively. One hundred of these patients had SCLC and 447 had non-SCLC (NSCLC). These CT images, along with any that had also been obtained prior to the one on which the final diagnosis was based, were reviewed. In 5 of the cases reviewed, specific findings and a characteristic spreading pattern were identified on CT images that might have allowed a diagnosis of SCLC to have been made sooner. The findings included a sub-pleural, small nodule accompanied by daughter nodules spreading longitudinally along the bronchovascular bundle, no air bronchogram or cavitation, and background emphysematous change. These were not identified on CT images of very earlystage NCSLC, however (n = 22). Awareness of the relevance of these findings would help physicians and radiologists arrive at a differential diagnosis of small pulmonary nodules.
INTRODUCTION
Small-cell lung cancer (SCLC) usually grows very rapidly. The majority of SCLC patients are symptomatic at first visit to a hospital, and extended disease (ED) with distant metastases is diagnosed in two thirds of these cases. The prognosis for limited disease (LD)-SCLC treated with the standard combination of chemotherapy and radiation is better than that for ED-SCLC. If there is no associated hilar or mediastinal lymphadenopathy in LD-SCLC, it is usually designated as "very early-stage" [1] . This type of peripheral, very early-stage SCLC has a good prognosis when treated with surgery followed by chemotherapy, although some uncertainly remains as to if and when the surgical component best fits into the treatment modality [2] [3] [4] . The earlier the disease is diagnosed, the more successful treatment is likely to be. Therefore, knowing the radiological characteristics of very early-stage SCLC is crucial in reducing diagnostic delay.
The recent increase in the clinical application of thoracic computed tomography (CT) has led to a marked rise in incidental detection of small peripheral pulmonary nodules. A set of guidelines has been established to help physicians in the management of such nodules [5] [6] [7] [8] [9] [10] [11] . These guidelines, however, contain very little information on the characteristic CT imaging features of very early-stage SCLC.
viewing CT images, including those obtained prior to diagnosis of the disease. We believe that such information would prove invaluable in the early diagnosis of this disease, including from CT scans initially aimed at a wide range of other diseases. 
MATERIALS AND METHODS

Computed
RESULTS
We identified 5 and 22 cases in which CT scans obtained prior to that on which a diagnosis was made might have allowed an earlier diagnosis of SCLC and NSCLC, respectively. The clinical features of the 5 cases with SCLC are listed in Table 1 . All were current or past smokers. Case 1. The initial chest CT scans in May 2005 revealed a tiny nodule in the right upper lobe (Figures 1(a)  and (b) ). Proximal to this nodule was another, ovoid nodule measuring 5 mm × 3 mm distributed along the bronchovascular bundle (Figures 1(b) and (c) ). They were misclassified as inflammatory scars by radiologist. Another set of CT images obtained at one year later, in May 2006, demonstrated that the irregularly-shaped, tiny nodule had grown to 10 mm × 10 mm in size ( Figure  1(d) ), and that it was accompanied by another polyhedral, elliptical nodule measuring 13 mm × 26 mm (Figures  1(d) and (e)). A positron emission tomography (PET)-CT scan demonstrated increased uptake of fluorodeoxyglucose (FDG) in both the peripheral nodule and elliptical lesion. Cytological examination of transbronchial brushings indicated SCLC.
Case 2. Chest CT scans obtained in July 2009 revealed an irregularly-shaped, lobulated nodule with a polyhedral margin in the right middle lobe (Figure 2(h) ). The sub-pleural nodule was accompanied by a well-demarcated, polyhedral, lobulated nodule (Figures 2(e)-(g) ). scans showed left hilar and mediastinal lymph node metastases. Coronary CT scans performed in April 2010 showed a tiny nodule in the left lower lobe (Figure 3(a) ). The peripheral nodule was accompanied by an ovoid nodule (Figures 3(b) and (c) ). Cytological examination of bronchial brushings indicated SCLC.
Case 4. Chest CT scans obtained in March 2012 revealed an irregularly-shaped, lobulated, expansive mass measuring 55 mm × 50 mm in the left lingular lobe, accompanied by left hilar and mediastinal lymph node metastases (Figure 4(c) ). Earlier CT scans obtained in March 2011 had revealed a nodule measuring 13 mm × 12 mm. This nodule was observed adjacent to the interlobular pleura together with pleural indentation and connected to three other nodules (Figures 4(a) and (b) ). The initial diagnosis by two radiologists was organized pneumonia. Bronchoscopy and bronchial washings for cytology indicated SCLC.
Case 5. Chest CT scans obtained in January 2012 revealed a small nodule adjacent to the right pleura of the upper lobe (Figure 5(a) ). The sub-pleural nodule was accompanied by another smaller nodule (Figure 5(b) ). Follow-up CT scans in June 2012 showed growth of the lesions (Figures 5(c) and (d)) . A PET-CT scan performed in July 2012 demonstrated increased uptake of FDG in both nodules. Percutaneous, fine-needle, aspiration biopsy guided by CT revealed SCLC.
In all 5 cases, scattered, low-density areas were observed on the CT scans, suggesting emphysematous lung tissue. Earlier CT scans had shown primary nodules ranging in size from 3 mm to 13 mm located in the subpleural lesion together with pleural indentation. They had not shown, however, any apparent lymph-node or distant metastases. The CT findings in these 5 cases are listed in Table 3 . These characteristic findings were not identified on CT images which had been obtained prior to the final diagnosis of NCSLC (n = 22).
DISCUSSION
This study had two major findings: the identification of a well-defined spreading pattern and several characteristic CT findings in very early-stage SCLC. A small nodule together with daughter nodules spreading longitudinally along the bronchovascular bundle was identified. The primary and daughter lesions had the appearance of beads, suggesting a diagnosis of SCLC. It should be emphasized that the characteristics shown in Table 3 are usually considered to indicate a benign lesion. A number of studies have investigated discrimination of benign from malignant pulmonary nodules. The probability of non-calcified, solid nodules of less than 5 mm in diameter being malignant was reported to be very low [6, 8, 10, 11] . Air bronchograms were seen more commonly in malignant than in benign nodules [9] . According to the Fleischner Guidelines, features such as clustering of multiple nodules in a single location in the lung tend to favor an infectious process [8] . The presence of adjacent tiny nodules, called satellite nodules, has been reported to be strongly associated with benignity [9] . The results of the present study revealed a sub-pleural, solid nodule accompanied by tiny satellite nodules but no air bronchogram (a beaded appearance), suggesting peripheral SCLC rather than a benign lesion. The initial diagnosis in all 5 cases was a benign lesion, so no recommendations were made for a PET-CT scan or fine-needle, aspiration biopsy. The interval between the earlier CT scan and that on which a correct diagnosis was based was 5 to 15 months. Follow-up CT was recommended at 12 months in cases 1 and 3 here in accordance with the standard guidelines, as these patients had a history of smoking and small nodules of less than 4 -5 mm in size [6] [7] [8] 10, 11] . Rapid and aggressive progression is often observed in SCLC, which can show a volume doubling time of 29 days, so a 12-month delay in performing follow-up CT could be critical [12] . The average doubling time in the present cases was 71 days. It has been re-ported that small pulmonary nodules, even when malignant, are less aggressive than advanced lung cancer [10] .
The results of the present study, however, show that a pulmonary nodule detected incidentally could be an aggressive tumor such as SCLC. This indicates that followup CT at shorter intervals, PET-CT, and fine-needle, aspiration biopsy should be performed in high-risk patients where initial images reveal a lesion with a beaded appearance. The number of patients receiving a coronary CT scan has increased. Some risk factors for coronary artery disease such as age, male sex, and smoking are also risk factors for bronchial carcinoma. The growing number of cardiac CT scans has led to a steep increase in the identification of collateral findings. The rate of lung cancers detected as incidental findings at cardiac CT was 0.2% to 2.7% [13] [14] [15] . In the present study, coronary CT revealed lesions with a beaded appearance in Cases 2 and 3, which should have indicated the need for further examination. According to a report by the National Comprehensive Cancer Network, CT screening for lung cancer reduced mortality by 20% and all-cause mortality by 7% [16] . Once the benefit of CT screening is recognized, the number of chest CTs will increase.
Few studies have investigated the characteristic CT findings of SCLC on the periphery of the lung. Kazawa et al. reviewed 68 SCLC cases and classified 8 types of extension and spread, one of which was peripheral and mediastinal, showing as a well-demarcated, subpleural tumor accompanied by small, daughter nodules distributed along the bronchovascular bundle [17] . Sone et al. reported a small, spindle-shaped or pyramidal lesion as a subtle CT finding of SCLC [18] . Hashimoto et al. reported peribronchial thickening adjacent to the primary tumor as one finding of SCLC originating in the lung parenchyma [19] . The findings of the present study revealed a solid nodule with pleural indentation and emphysematous change in the background but no air bronchogram or cavitation as characteristics other than those previously described.
Stage T1-2N0M0 disease is usually taken to indicate a surgical intervention in LD-SCLC [4, 20] . In one study, multimodality treatment comprising surgery and adjuvant chemotherapy resulted in a 5-year survival rate of 59% in patients with T1N0M0 SCLC [3] . Another study confirmed that cure was possible in surgically-resected, LD-SCLC [10] . Patients with node-negative disease had best survival [21] . Median survival for SCLC presenting as a solitary pulmonary nodule was much better than that for LD-SCLC [22] . An earlier diagnosis would confer more treatment options, resulting in a better prognosis.
The main limitation of this retrospective study was the small sample size. Small-cell lung cancer is much less common than non-SCLC. Moreover, detecting SCLC at an early stage is much more difficult due to the speed at which the disease progresses. No pathological analyses were available for review in this study, as no surgical resection was performed. The objective of the present study was to identify the characteristic CT findings of very early-stage SCLC. Therefore, we were unable to draw any conclusions regarding the likelihood of lesions with these characteristics later becoming malignant or benign. In other words, the specificity of these findings requires further clarification. However, we do believe that they constitute useful and specific findings indicative of a diagnosis of early-stage SCLC.
CONCLUSION
To the best of our knowledge, this is the first study to identify a clear pattern of spread and characteristics, particularly beaded-pattern lesions, in images of early-stage SCLC. These results indicate the importance of being aware of the morphologic characteristics of very early stage SCLC in preventing diagnostic delay. We believe that these findings will help physicians and radiologists evaluate small pulmonary nodules.
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